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(57) Abstract 


A self-expanding cardiovascular occlusion apparatus (20) including a predetermined pattern of wire (22) and three collinear 
bands.whereby pushing the bands together causes the two exposed braided or helical sections between them to flatten to two disk-like 
shapes (130, 132). The disks (130, 132) are then forced outward relative to the middle band (125) causing the exposed braided or wound 
pattern to invaginate. The final shape is similar to two cones attached end to end. The device (20) is heat treated to maintain this 
configuration. In use, the device (20) is straightened to its cylindrical form, installed in the distal end of a device pusher (40) which is 
advanced through a small diameter catheter installed in a blood vessel (46). When the device is expelled from the device pusher (40), it 
returns to its expanded shape and lodges in a blood vessel (46), for example. Once lodged in the vessel, the device will initiate thrombus 
formation which will occlude the vessel. The final in situ form of the device with cone-like ends has the ability to adapt to a range of 
vessel sizes. r ° 


BNSOOCID: <WO 9731672A1J_> 


Docket No.: 290252022401 


» 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 


AM 

Armenia 

GB 

Unked Kingdom 

MW 

Malawi 

AT 

Austria 

GE 

Georgia 

MX 

Mexico 

AU 

Australia 

CN 

Guinea 

NE 

Niger 

BB 

Barbados 

GR 

Greece 

NL 

Netherlands 

BE 

Belgium 

HU 

Hungary 

NO 

Norway 

BF 

Burkina Faso 

IE 

Ireland 

NZ 

New Zealand 

BG 

Bulgaria 

IT . 

Italy 

PL 

Poland 

BJ 

Benin 

JP 

Japan 

PT 

Portugal 

BR 

Brazil 

KE 

Kenya 

RO 

Romania 

BY 

Belarus 

KG 

Kyrgysian 

RU 

Russian Federation 

CA 

Canada 

KP 

Democratic People's Republic 

SD 

Sudan 

CF 

Central African Republic 


of Korea 

SE 

Sweden 

CG 

Congo 

ICR 

Republic of Korea 

SG 

Singapore 

CH 

Switzerland 

KZ 

Kazakhstan 

SI 

Slovenia 

a 

Cote d' [voire 

LI 

Liechtenstein 

SK 

Slovakia 

CM 

Cameroon 

LK 

Sri Lanka 

SN 

Senegal 

CN 

China 

LR 

Liberia 

sz 

Swaziland 

cs 

Czechoslovakia 

LT 

Lithuania 

TO 

Chad 

cz 

Czech Republic 

LU 

Luxembourg 

TG 

Togo 

DE 

Germany 

LV 

Latvia 

TJ 

Tajikistan 

DK 

Denmark 

MC 

Monaco 

TT 

Trinidad and Tobago 

EE 

Estonia 

MD 

Republic of Moldova 

UA 

Ukraine 

ES 

Spain 

MG 

Madagascar 

UG 

Uganda 

Fl 

Finland 

ML 

Mali 

US 

United States of America 

FR 

France 

MN 

Mongolia 

uz 

Uzbekistan 

GA 

Gabon 

MR 

Mauritania 

VN 

Viet Nam 



8NSDOCID: <WO 9731 672A1 J_> 


WO 97/31672 PCT7US96/18639 


TITLE OF THE INVENTION 

5 SELF EXPANDING CARDIOVASCULAR 

OCCLUSION DEVICE 


10 


BACKGROUND OF THE INVENTION 


15 1 . Field of the Invention. 

The present invention relates, generally to medical devices. More particularly, 
the invention relates to vaso-occlusion devices used in radiology, embolotherapy and 
the like. 

20 

2. Background Information. 


In embolotherapy, it is often desirable to occlude blood flow in a section of 
vasculature for purposes such as controlling internal bleeding, stopping blood supply 
25 to tumors, and relieving vessel-wall pressure in a region of a vessel aneurysm. U.S. 
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Patent 4,994,069 describes the significant devices and methods used in the past for 
5 such purposes. They include cross-linking liquids, cyanoacrylate resins, balloons and 
helical wire coils. Each has significant drawbacks, but the helical wire coils seem to 
have found the most favor. One difficulty with these is in pushing, and, if necessary, 
pulling them through the catheter. The wire coil is dimensioned to engage the walls 
of the vessel and can be relatively stiff and difficult to advance through a catheter, 
10 especially if the blood vessel has a tortuous path. U.S. Patents 5, 226,91 1 and 

5,250,071 describe mechanical devices that attach and detach to the coils to provide 
more positive pushing, pulling and positioning capability, but they are relatively 
complex. 

Another problem with wire coils is providing enough occlusion to allow a 
1 5 blood clot to form. A partial solution was to coat the wire with fibers such as Dacron 
or cotton, but recanalization can occur by resorption of the clot by endothelial cells. 
The fiber coating also increases the friction with the device pusher making it more 
difficult to push. Another way to combine fibers and coiled wire is disclosed in U.S. 
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Patent 5,226,91 1 where flexible fiber loops extend outward from windings of the coil 
at regular intervals. 

The device of U.S. Patent 4,99,069 (the '069 patent) overcame many of the 
problems with wire coils. It provided a smaller coiled wire that when tensioned 
5 would have a linear configuration allowing it to easily be advanced through a catheter 
to the desired site. When the wire exited the catheter, it relaxed and took a random 
convoluted shape to form a space-filling mass lodged in the vessel at the site of 
release. However, because the final shape of the relaxed coil in the blood vessel is 
random, the precise location and specific length the device occupies in the vessel 
1 0 cannot be guaranteed. 

Despite the need in the art for a vascular occlusion device which overcomes 
the disadvantages, shortcomings and limitations of the prior art, none insofar as is 
known has been developed. Accordingly, it is an object of the present invention to 
provide a vascular occlusion device which can occlude a blood vessel using a single 
1 5 device. 

It is another object of the present invention to provide a vascular occlusion 
device which has an anchoring effect to resist movement in both directions once the 
device is deployed in a blood vessel. 

It is another object of the present invention to provide a vascular occlusion 
20 device which can accommodate a range of blood vessel diameters. 

It is another object of the present invention to provide a vascular occlusion 
device that creates a known length of occlusion in a blood vessel. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention provides a device having a predetermined pattern of 
5 wire attached to three collinear radiopaque bands. The pattern may be braided or 
helically wound at a low angle. The device is formed by pushing together the three 
bands which causes the two exposed braided or helical sections between them to 
flatten to disk-like shapes similar in form to conjugate hyperbolas. Each disk is then 
forced outward relative to the middle band, causing the braid or helical pattern to 
10 invaginate. The final shape is similar to two cones attached end to end. The device is 
heat treated to maintain this configuration. 

In use, the device is straightened to its cylindrical braided form, installed in the 
distal end of a device pusher which is advanced through a small diameter catheter 
installed in a blood vessel. The device is expelled from the device pusher where upon 
1 5 the device returns to its formed shape and lodges in the blood vessel. Once lodged in 
a vessel, the device will initiate thrombus formation which will occlude the vessel. 

Since the device returns to the dual-cone shape, it will resist movement in 
either direction when placed in a vessel. Also, the high number of wires exposed will 
substantially obstruct blood flow and increase the rate of thrombosis. The 
20 configuration of the device also ensures that it occupies a specific length when placed 
in a vessel, which facilitates site specific embolization. 

The final in-situ form of the device with cone-like ends has the ability to adapt 
to a range of vessel sizes. The wire loops formed when the braid or helical pattern is 
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invaginated can move relative to one another. The result is that each end of the device 
can conform independently to the shape of the vessel. 

Although the primary use of the device is in embolotherapy to occlude a site in 
the vasculature, it may be used generally to close other sites in the cardiovascular 
5 system such as a septal defect. 

The features, benefits and objects of this invention will become clear to those 
skilled in the art by reference to the following description, claims and drawings. 


1 0 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Figure 1 is a side view of the device in its formed shape. 

Figure 2A shows a view partially in cross section of the wires applied to the 
1 5 bands in a method of making the device of Figure 1 . 

Figure 2B illustrates a method of making devices in a continuous operation. 

Figure 3 shows a view of the outside bands pushed toward the center 
20 deforming the wire in a method of making the device of Figure 1 . 

Figure 4 shows a view partially in cross section of the device mounted in a die 
that forms and heat sets the loops to the desired shape in the above method. 
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Figure 5A shows the device of Figure 1 installed at the distal end of a device 
pusher as the device is about to exit the device pusher for deployment in a blood 
vessel. 

5 Figure 5B shows the device beginning to emerge from the device pusher and a 

first end of it unfolding during deployment. 

Figure 5C shows the device half deployed. 

1 0 Figure 5D shows the device 3/4 deployed with a second end unfolding. 

Figure 5E shows the device fully deployed. 

Figure 6 is a side view of another embodiment of the device used for treating 
1 5 holes in the septal walls of a heart. 

Figure 7 is an end view of the device of Figure 6. 

Figure 8 shows the device of Figure 6 fully deployed in a septal wall hole. 

20 

Figure 9 is a side view of another embodiment of the invention used to treat 
berry aneurysms. 
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Figure 10 is an illustration of the device of Figure 9 installed in a berry 
aneurysm. 

Figures 11 A and 11B are views partially in cross section of yet another 
5 embodiment of the device where additional fibers are installed in the core of the 
device. 


DETAILED DESCRIPTION 

10 

Referring to the drawings, wherein like reference numerals designate like or 
similar elements throughout, a preferred embodiment of the cardiovascular occlusion 
device 20 is illustrated in Figure 1. It comprises a predetermined pattern of wires 22, 
preferably a braided pattern or a low angle, helically wound pattern, attached to three 

1 5 collinear radiopaque band assemblies 23, 25, and 27, where wires 22 have been 
deformed into loops 50 and heat treated to maintain a desired shape. The wires are 
preferably constructed of a nickel-titanium allow called Nitinol. Shape memory 
polymers may alternatively be used to form wires 22. Device 20, when in its relaxed 
shape as shown in Figure 1, is typically used in a vessel of somewhat smaller 

10 diameter than the diameter, Dl of device 20. Because of the flexibility of loops 50, a 
single device of diameter Dl can accommodate variations in vessel diameter over 
length L. Likewise, a single device of diameter Dl and length L can be used in a 
range of vessel diameters. Device 20 as shown in Figure 1 can be made with any 
diameter necessary. Length L is typically, although not necessarily, greater than 
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diameter Dl . In addition, although the primary use of the device 20 is in 
embolotherapy to occlude a blood vessel, it may be used generally to close other sites 
in the cardiovascular system such as a septal defect. 

The device of the preferred embodiment of Figure 1 is made by the steps 
illustrated in Figures 2A, 2B, 3, and 4. 

Referring to Figure 2A, internal radiopaque bands 34, 36, and 38, preferably 
made of platinum-iridium 90/10, are installed on core 32. Other suitable band 
materials include titanium, pure platinum, and gold The spacing and diameter of 
bands 34, 36 and 38 depends on the size of the blood vessel in which device 20 will 
be used. The spacing between bands is typically about 1 .5 times the diameter of the 
vessel in which device 20 will be used. Wires 22, preferably made of Nitinol, are 
installed onto bands 34, 36, and 38. Typical wire diameter is from 0.001 to 0.002 
inches. The number of wires installed, typically between 16 and 32, depends on the 
wire diameter and the band diameter. Installation of wires 22 is accomplished by 
braiding or winding a low-angle helical pattern over core 32 with bands 34, 36 and 38 
in place on core 32. Typically sixteen to thirty-two wires 0.001 to 0.002 inches 
diameter are braided or wound over a 0.004 to 0.020 inch core diameter at 30° - 60° 
with respect to the axis of the core. External bands 24, 26, and 28 are slid over wires 
22 and aligned with their corresponding internal bands 34, 36, and 38. Band 
assemblies 23, 25 and 27 are formed by unitizing each pair of internal and external 
bands, 24 and 34 for example, and the segments of wires 22 between them by a 
process such as welding, brazing, soldering, crimping or bonding. Such unitizing 
captures wires 22 and maintains their position axially and circumferentially with 
respect to bands 34, 36, and 38 on which they are installed. 
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A typical outer diameter of band assemblies 23, 25, and 27 is such that when 
device 20 is inserted in a device pusher, the pusher and device 20 can be introduced 
through French size catheters. For example, 0.018 inch outer diameter bands would 
be used for delivery through a 0.021 inch diameter working channel and 0.034 inch 
5 outer diameter bands would be used for delivery through a 0.037 inch diameter 

working channel. Bands 24, 26, 28, 34, 36, and 38 typically have a wall thickness of 
0.002 inches. 

Referring to Figure 2B, a typical production of devices uses many internal 
bands mounted on a lengthy core and the wires run continuously between them. The 

10 wires are cut at locations indicated by lines C to separate the devices 20 after the 
external bands and internal bands are unitized. 

Referring to Figure 3, band assemblies 23 and 27 are then slid on core 32 
toward center band assembly 25 deforming wires 22 into two disk-like patterns of 
loops 30 of diameter D2. 

1 5 Referring to Figure 4, while maintaining the relative axial spacing of band 

assemblies 23, 25, and 27 on core 32, the device 20 is installed in a tubular die 34 
with internal diameter Dl, which is less than diameter D2. Device 20 and core 32 are 
pushed into one end of die 34 which deforms both sets of loops 30 away from the 
direction device 20 is being pushed. The device 20 and core 32 are slid down the 

20 entire length of die 34 until one set of loops of wires 30 exits the other end of die 34, 
then device 20 and core 32 are pulled back into die 34 which deforms the set of loops 
of wires 30 that exited die 34 in the opposite direction as the set of loops 30 that 
remained in die 34. This gives wires 22 the shape illustrated in Figure 4. The device 
is then heat set typically at a temperature of 450°C while in die 34 so that wires 22 
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will maintain their shape when removed from die 34. Device 20 and core 32 are then 
removed from die 34, and core 32 is then removed from device 20. Device 20 now 
has a relaxed shape as shown in Figure 1 with an outer diameter of Dl , the same as 
the inside diameter of die 34. 


device 20 is deployed in a blood vessel 46. Referring to Figure 5A, device 20 has 
been deformed to a stretched position and inserted in the distal end 48 of a device 
pusher 40 against pusher core 42. Device pusher 40 is a tube made of low friction 
material, such as Teflon®, or a material coated with a low-friction material, which has 

1 0 a diameter much smaller than diameter D 1 of device 20 when device 20 is in a relaxed 
position, but larger than the outside diameter of band assemblies 23, 25, and 27. The 
outer diameter of device pusher 40 is such that it can be easily advanced through a 
small-bore catheter. Pusher core 42 is preferably a coaxial stylet comprising a central 
wire with a plastic overlay. The core 42 has an outer diameter such that it can easily 

1 5 slide inside device pusher 40. Pusher core 42 may also include a layer of Teflon ® or 
the like. 

Device 20 is stretched by pulling band assemblies 23 and 27 away from 
middle band assembly 25, which straightens loops of wires 22 thereby allowing 
device 20 to be of a diameter that will fit inside device pusher 40. Device 20 is 
20 inserted into distal end 48 of device pusher 40 so that it butts against pusher core 42. 
The desired site for deployment of device 20 is accessed by a small bore catheter (not 
shown). Device pusher 40 with device 20 installed is advanced through the catheter 
and into the blood vessel at the desired location for deployment of device 20. If device 
20 is not already at the distal end 48 of device pusher 40, device 20 is pushed to the 


5 


Figures 5A through 5E show views partially in cross section of the way 
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end 48 of device pusher 40 using pusher core 42 that pushes against band assembly 
27. The diameter of device pusher 40 is small enough and the stiffness of wires 22 


pushed down device pusher 40 Figure 5A shows device 20 at the end of device 
pusher 40 and about to exit out end 48 of device pusher 40. The relaxed diameter Dl 
of device 20 is slightly larger than the inside diameter D3 of the wall 44 of blood 
vessel 46 at the point of deployment. 

Referring to Figure SB which shows device 20 twenty-five percent deployed, 
pusher core 42 is advanced through device pusher 40 forcing device 20 out distal end 
48 of device pusher 40. Band assembly 23 and part of one loop of wires 22 has 
exited device pusher 40. Wires 22 which have exited distal end 48 of device pusher 
40 begin to return to their relaxed shape. 

Referring to Figure 5C which shows device 20 fifty percent deployed, pusher 
core 42 is further advanced through device pusher 40 and band assembly 25 has just 
begun to exit distal end 48 of device pusher 40. The wires 22 that have already exited 
device pusher 40 have returned to their relaxed shape pulling band assembly 23 
toward band assembly 25 and forming loops 50 which contact wall 44 of blood vessel 
46. Because loops 50 have some freedom of movement relative to each other, they 
can conform, within limits, to irregularities in the shape of wall 44 of blood vessel 46. 

Referring to Figure 5D which shows device 20 seventy-five percent deployed, 
loops 50 have contacted wall 44 of blood vessel 46. As pusher core 42 is advanced 
further through device pusher 40, device pusher 40 is withdrawn slightly from blood 
vessel 46 to allow band assembly 25 and wires 22 to exit end 48 of device pusher 40 
without pushing loops 50 which have already engaged wall 44 of blood vessel 46 


high enough to keep device 20 in a stretched configuration without buckling as it L 


is 
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further into blood vessel 46. Wires 22 that are emerging from distal end 48 of device 
pusher 40 begin to return to their relaxed shape. 

Referring to Figure SE, which shows device 20 fully deployed, pusher core 42 
has been further advanced through device pusher 40 and device pusher 40 has been 
further withdrawn from blood vessel 46 to allow all of wires 22 and band assembly 27 
to exit end 48 of device pusher 40. Wires 22 have returned to their relaxed shape 
pulling band assembly 27 toward band assembly 25 and forming loops 52 which 
contact wall 44 of blood vessel 46. Because loops 50 and 52 project in both directions 
from middle band assembly 25, device 20 resists movement in both directions in 
blood vessel 46. 

Alternatively, device 20 may be expelled from device pusher 40 by leaving 
pusher core 42 stationary with respect to blood vessel 46 and retracting device pusher 
40 relative to pusher core 42, or the device 20 may be pushed through the catheter 
without the pusher 40 by a guidewire, for example. 

Referring to Figures 6, 7, and 8, an alternate embodiment 120 of the invention 
is as follows. Construction of device 120 begins the same way as in the preferred 
^embodiment 20. Wires and bands are assembled identically to the preferred 
embodiment 20. Band assemblies 123 and 127 are pushed toward center band 
assembly 125 forcing wires 122 to form two disks 130 and 132 as in the preferred 
embodiment 20. Device 120 is heat treated at this stage to maintain its form rather 
than invaginating wires 122. The resulting relaxed shape of device 120 has two 
annular wire mesh disks 130 and 132. An end view of one of disks 130 and 132 is 
shown in Figure 7. Loops of wires 122 are enmeshed with each other. The device 
120 of this embodiment is used to treat holes in the septal wall of a heart. Figure 8 
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illustrates the device installed in such a hole 142. Septal wall 140 is straddled by 

disks 130 and 132 of device 120. 

Referring to Figure 9, another embodiment 220 of the invention is as follows. 

Wires are fixed to only two bands rather than three bands as in the preferred 

5 embodiment 20. Device 220 is formed by forcing band assembly 223 toward band 

assembly 225 which forces wires 222 to form a disk-like shape 228. Device 220 is 

heat treated at this stage to maintain its form. In a technique described later, filaments 

are attached to the inside of band assemblies 223 and 225 and extended for some 

length beyond band assembly 225. 

1 0 The device 220 of this embodiment is used to treat berry aneurysms, a 

localized aneurysm of a vessel wall characterized by a generally spherical recess 

extending from the side of the vessel. 

Referring to Figure 10, device 220 is shown deployed in a berry aneurysm 240 
♦ 

in a blood vessel 246. Device 220 is deployed in the same manner as with the 
1 5 preferred embodiment. The end of device 220 having filaments 230 extending from it 
is inserted into the berry aneurysm 240 first. The slack filaments become convoluted 
filling the aneurysm 240. The disk-like shape 228 of device 220 forms a plug to keep 
device 220 in aneurysm 240. 

Referring to Figures 11 A and 11B, device 20 of the preferred embodiment is 
20 shown modified as follows. After device 20 has been heat treated, core 32 is still in 
place. Device 20 is stretched back to its cylindrical configuration by pulling band 
assemblies 23 and 27 away from center band assembly 25. Referring to Figure 11 A, 
filaments 60, preferably polyester, in the form of yam having a high filament to denier 
ratio, are attached to one end of core 32. When core 32 is removed from device 20, as 
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indicated by the arrow, yarn filaments 60 are drawn through internal bands 34, 36, and 
38 which have been unitized with their respective bands 24, 26, and 28. Referring to 
Figure UB, yarn filaments 60 are tensioned as indicated by the arrows and adhesive 
62 applied to yarn filaments 60 at end bands 34 and 38. Alternatively, the filaments 
5 may be potted. Wicking action of yarn filaments 60 pulls adhesive 62 into bands 34 
and 38 where it solidifies bonding filaments 60 to bands 34 and 38. Yarn filaments 60 
are cut just beyond band assemblies 23 and 27 and the cut ends of yarn filaments 60 
are heated to form the yarn end to the desired finished shape, preferably rounded. 

The filaments 60 are arranged within device 20 during manufacturing by 
10 applying a static electrical charge to filaments 60 before they are inserted into device 
20. The charge causes filaments 60 to repel one another and uniformly distribute 
themselves as device 20 returns to its deployed shape. Device 20 can then be heat set 
to bias filaments 60 in this uniformly distributed configuration. When a device of this 
embodiment is deployed, the yam filaments will buckle and splay out with wires 22, 
1 5 thereby causing additional mechanical obstruction of the blood vessel making the 

device more thrombogenic. These modifications to device 20 may also be made to the 
other embodiments shown and described above. 

The descriptions above and the accompanying drawings should be interpreted 
in the illustrative and not the limited sense. While the invention has been disclosed in 
20 connection with the preferred embodiment or embodiments thereof, it should be 
understood that there may be other embodiments which fall within the scope of the 
invention as defined by the following claims. Where a claim is expressed as a means 
or step for performing a specified function it is intended that such claim be construed 
to cover the corresponding structure, material, or acts described in the specification 
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and equivalents thereof, including both structural equivalents and equivalent 
structures. 
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CLAIM OR CLAIMS 

What is claimed is: 

1 . A cardiovascular occlusion device, comprising: 

5 (a) a plurality of bands linearly spaced a predetermined distance from each 

. other and defining a first end and a second end. said bands located at 
said first and second end being end bands; and 
(b) a plurality of wires disposed around said bands and attached to said 
bands so that each wire contacts all of said bands, terminates at said 
10 end bands, and forms wire segments between said bands. 

2. The cardiovascular occlusion device of claim 1, wherein the device has 
the following states: 

(i) a relaxed state wherein said wire segments are longer than said 
1 5 distance between said bands so that said wires form a set of 

loops between any two adjacent bands, and wherein said set of 
loops has a first outer dimension; and 

(ii) a stretched state wherein said device has a tubular configuration 
having a second outer dimension which is less than said first 

20 outer dimension; and 

wherein said wires have memory whereby said device returns from said 
stretched state to said relaxed state. 
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3. 


The cardiovascular occlusion device of claim 1 , wherein each said 


band comprises an inner member and an outer member. 


4. 


The cardiovascular occlusion device of claim 1 further comprising a 


5 multiplicity of filaments which: 

(a) are disposed inside all of said bands; 

(b) are attached to and span said end bands; and 

(c) have lengths between said bands which splay out inside of a shape 
formed by said set of loops. 


5. The cardiovascular occlusion device of claim 4 wherein: 

(a) there are two bands; 

(b) in said relaxed state said shape formed by said set of loops is disk-like; 


(c) said filaments extend for a substantial length beyond one of said bands. 

6. The cardiovascular occlusion device of claim 1 wherein: 

(a) there are three bands, a middle band being disposed between said end 
bands; and 

(b) in said relaxed state, a shape formed by a set of loops is conical having 
an apex at said middle band and a base invaginated to an end band. 


10 


and 


7. 


The cardiovascular occlusion device of claim 1 wherein: 


BNSOOC1D: <WO 9731672A1_I_> 


WO 97/31672 


18 


PCT/US96/18639 


(a) there are three bands, a middle band being disposed between said end 
bands; and 

(b) in said relaxed state a shape formed by a set of loops is disk-like. 

5 8. A cardiovascular occlusion device of claim 1 wherein said wires are 

disposed in a braided pattern and said loops intertwine. 

9, A cardiovascular occlusion device of claim 1 wherein said wires are 
disposed in a helical pattern and said loops intertwine. 

10 

1 0. A cardiovascular occlusion device of claim 1 wherein said bands are 
constructed of platinum-iridium and wherein said wires are constructed of Nitinol. 


11. A methodology of using the device of claim 1 to occlude a selected site 
15 in a vessel comprising the steps of: 

(a) installing a small diameter catheter in a blood vessel so that said 
catheter accesses the site at which said device will be deployed; 

(b) causing said device to go into its stretched state; 

(c) installing said device, while in its stretched state, into a tubular device 
20 pusher, said device pusher having an outer diameter small enough to 

slide inside said catheter and an inner diameter small enough so that 
said device cannot return to its relaxed state while inside said device 
pusher, but large enough so that said device can slide inside said device 
pusher; 
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(d) advancing said device pusher through said catheter; 

(e) partially discharging said device out said device pusher at the selected 
site for deployment until said device partially deploys and contacts the 
vessel; and 

5 (0 retracting said device pusher slightly while simultaneously pushing 

said device the same distance out the end of said device pusher until 
said device is entirely deployed and in contact with said blood vessel. 


1 2. A methodology of using the device of claim 1 to occlude a selected site 
10 in a vessel comprising the steps of: 

(a) installing a small diameter catheter in a blood vessel so that said 
catheter accesses the site at which said device will be deployed; 

(b) causing said device to go into its stretched state; 

(c) installing said device, while in its stretched state, into a tubular device 
1 5 pusher, said device pusher having an outer diameter small enough to 

slide inside said catheter and an inner diameter small enough so that 
said device cannot return to its relaxed state while inside said device 
pusher, but large enough so that said device can slide inside said device 
pusher; 

•0 (d) advancing said device pusher through said catheter; and 

(e) maintaining a position of said device relative to said blood vessel while 
retracting said device pusher until said device is deployed and in 
contact with said blood vessel. 
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13. A self expanding cardiovascular occlusion device comprising: 

(a) two tubular bands spaced a predetermined distance; 

(b) a plurality of wires disposed around and attached to said bands, said 
wires being disposed in a predetermined pattern, each wire spanning 

5 both bands, thereby forming wire segments between said bands; 

(c) wherein said device has the following states: 

(i) a relaxed state wherein said wire segments are longer than said 
distance between said bands so that said wires form a set of 
loops between any two adjacent bands, and wherein said set of 

1 0 loops has a first outer dimension; and 

(ii) a stretched state wherein said device has a tubular configuration 
having a second outer dimension which is less than said first 
outer dimension; and 

(d) wherein said wires have memory whereby said device returns from said 
1 5 stretched state to said relaxed state. 

1 4. A self expanding cardiovascular occlusion device comprising: 

(a) two end bands with a distance between them; 

(b) a middle band disposed along a line between said end bands and 
20 approximately equidistant from both end bands; 

(c) a plurality of wires disposed around and attached to said bands, with 
said wires disposed among themselves in a braided pattern and with 
each wire contacting all three of said bands, terminating at said end 
bands, and spanning sequentially from one end band, to the middle 
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band, and then to the other end band, thereby forming wire segments 
between said bands; 
(d) wherein said device has the following states: 

(i) a relaxed state in which said wire segments are longer than a 


so that said wires form two sets of intertwining loops, with each 
set of loops disposed generally between said middle band and 
one of said end bands and disposed with relatively uniform 
spacing around an axis formed by said bands, and where each 
set of loops forms a cone shape having a first outer diameter, 
and wherein said cone shape has an apex at said middle band 
and a base invaginated to one of said end bands; 
(ii) a stretched state in which said device has a tubular 

configuration having a second outer diameter which is less than 
said first outer diameter and wherein said second outer diameter 
is small enough to enable said device to be pushed through a 
small diameter device pusher, said device pusher being of 
tubular configuration and small enough to be pushed through a 
small diameter catheter; 
(e) a multiplicity of fibers disposed inside all three bands wherein said 
fibers are attached to said end bands and splay out inside each of said 
cone shapes when said device is in its relaxed state; and 


5 


distance between said middle band and either of said end bands 
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(0 said wires having memory which returns said device from its stretched 
state to its relaxed state as said device is released from said device 
pusher thereby lodging said device in tissue at the site of release. 

5 1 5. A self expanding cardiovascular occlusion device, comprising: 

(a) two end bands with a distance between them; 

(b) a middle band disposed along a line between said end bands and 
approximately equidistant from both end bands; 

(c) a plurality of wires disposed around and attached to said bands, with 
1 0 said wires disposed among themselves in a braided pattern and with 

each wire contacting all three of said bands, terminating at said end 
bands, and spanning sequentially from one end band, to the middle 
band, and then to the other end band, thereby forming wire segments 
between said bands; 
1 5 (d) wherein said device has the following states: 

(i) a relaxed state in which said wire segments are longer than a 
' :: distance between said middle band and either of said end bands 

" so that said wires form two sets of intertwining loops, with each 

set of loops disposed generally between said middle band and 
20 one of said end bands and disposed with relatively uniform 

spacing around an axis formed by said bands, and wherein each 
set of loops forms a disk-like shape having a first outer 
diameter; 
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(ii) a stretched state in which said device has a tubular 

configuration having a second outer diameter which is less than 
said first outer diameter and wherein said second outer diameter 
is small enough to enable said device to be pushed through a 
5 small diameter device pusher, said device pusher being of 

tubular configuration and small enough to be pushed through a 
small diameter catheter; 

(e) a multiplicity of fibers disposed inside all three bands wherein said 
fibers are attached to said end bands and splay out inside each of said 

1 0 disk-like shapes when said device is in its relaxed state; and 

(f) said wires having memory which returns said device from its stretched 
state to its relaxed state as said device is released from said device 
pusher thereby lodging said device in tissue at the site of release. 


16. A method of making a cardiovascular occlusion device comprising the 
steps of: 

(a) attaching a plurality of bands at spaced intervals onto a core; 

(b) attaching a plurality of wires to said bands so that said wires span any 
two adjacent bands and so that said wires are disposed at 
circumferential ly spaced intervals around said bands; 

(c) applying a force to said bands to displace said bands relative to one 
another on said core so as to cause each of said wires to form a loop 
shape between any two adjacent bands wherein said loop shapes 
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together form a three dimensional shape generally disposed between 
any two adjacent bands; 
(d) treating said wires so they will maintain their said loop shape after said 
force displacing said bands is removed; and 
5 (e) removing said core from said bands. 

17. The method of claim 16 wherein said treating of said wires comprises a 
thermal treatment. 

10 18. The method of claim 16 further comprising the step of deforming said 

loop shapes before treating said wires so that said three dimensional shape has an 
invaginated end, said three dimensional shape being maintained by said treatment of 
wires after said force displacing said bands is removed. 

15 19. The method of claim 1 8 wherein said deforming of said loop shapes is 

done by installing said device in a tubular die having an internal wall which contacts 
said loops and thereby deforms said loops. 

20. The method of claim 16 further comprising the steps of: 
20 (a) displacing said bands back to their original position relative to one 

another after said wires have been treated to maintain their loop shape; 

(b) threading a yarn comprising a multiplicity of filaments through the 
inside of said bands so that filaments are substantially collimated; and 

(c) attaching said yam to each end band of said device. 
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Fig. 5a 
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Fig. 5c 
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Fig. 5d 



Fig. 5e 
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